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of the /?} domain of lA d on the M terminus of the peptide or 
the linker amino acids on the C terminus, 

in both cases treatment of the ficptide -MMC covalent com¬ 
plex with thrombin to cleave the linker between them only mod¬ 
estly improved T-cell hybridoma recognition (Fig. 4ft, d). 11 is 
therefore likely that usually the linker extends from the C- 
terminal end of the peptides around the side rather than over 
the top of the class It a-chain a -helix in order to reach the N- 
terminal end of the class II 0-chain (Fig. I). 

These experiments shows that it is possible to produce a coval¬ 
ent complex of peptide and class II protein which can be recog¬ 
nized by most T cells specific for the combination. Constructions 
of this type should be useful in experiments on the structure of 
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TABLE 1 Levels of ABP-haemogJobir* adducts by nicotine-cotinioe in 
24Ti urine and acetylotor pnenotvpe in 97 volunteers 

ABP-haemoglobln adduct concentration (pg per g haemoglobin! 

Acetytator 

phej10type Percent 
Whole group Rapid 0 Slow 0 increase in 


Nicotine+cotlninef 

Median 

Mean 

(median) 

slow 

0 (n—44) 

22.5 

28,5 

13 

27 

107 

<1.5 (n = 25) 

63 

79.5 

52 

99 

90 

15-2.4 (n = 9) 

128 

123.7 

92 

132 

43 

2.5+ (0 = 19) 

125 

135.3 

128 

119 

-7 


Number of subjects with ABP adducts above/below median 
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The metabolic activation, or biacfirasioo of cErd»EciK varies co:t- 
sMcrsiMy in bsiman populattoniB, EitiH ss partly geseriesilOy 
deteroilsfed'' 2 . fafer-titsStviduBf variability in tlie asiscsjstllbiltty to 
cardttogetss may be particalsrly iiasmTaot at low degrees of 
iresviitt.'niciuai exposure. Example* of probable feoma«, eareinogerrs 
tbai pj-eseul widespreart low-dose exposures sue eavlranmenisl 
Cobsccc smoke ami diesel exhapsit 5,4 . We bave determined levels 
of EJNA gdducts in bladder cells and of ^atnsitobiplienyl—Siaem®- 


Acatytator phenotype 



Rapid 

Slay/ 

OR 

95% Cl 

0 (median 22.5| 

1/10 

21/12 

17.5 

2.0-153 

>0 (median 104) 

9/14 

18/12 

2.3 

0.S-7.0 


Slow acatylators aie those with a 5-acety!am\no-e-formylamino-3- 
methyluracikl-methylxanthine ratio ^O.G. The odds ratios (OR) rep¬ 
resent the probability of having a high concentration of adducts (greater 
than the median value) for slow versus rapid acetylalo'a. 95% Cl, 65% 
confidence interval. For the analysis of AQP-tiaemoglcbin adducts, iso¬ 
lated haemoglobin was purified by dialysis and then hydrolysed with 
base to release the parent amine. After extraction into hexane, the 
amine was derivatized to form perttafluoropropionarnide. Quantification 
was by comparison of peak areas produced by the analyte and an 
internal standard (4'-fluoro-4-aminobiphenyl) upon capillary gas chro¬ 
matography. using negative-ion chemical-ionization mass spectrometry 
for detection. For determination of the acetylaior status, urine samples 
were collected 5 h after consumption of one standardized cup of coffee. 
Caffeine and its metabolites were extracted as described®. The extracts 
were analysed by HPLC using a program that separated caffeine and 
all its known metabolites. Haemoglobin adducts were analysed at MIT, 
Cambridge: the metabolic phenotype for the NAT polymorphism was 
determined at NCTR, Jefferson; urinary cotinine and nicotine were 
measured at IARC. Lyon. * P value for trend <0.0001. + units, ^mol 
per mmol creatinine; n represents number of subjects. 
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TABLE 2 Correspondence between NAT2 genotype and acotylatcn phenotype 
Aoetyletor 


Genotype 


phenotype 



Correlation coefficients: 

(number of mutations) 

n 

Rapid 

Stow 

OR 

(95% Cl| 

AFMU/1 -X versus nicotine-cculnine 

0 

8 

6 

2 

1.0 

- 

0.03 (P-0,9) 

1 

13 

5 

S 

4.8 

(0.7-33) 

0 37 (P-0.2) 

2+ 

20 

1 

19 

57.0 

(7.0-460.1 

0,10 (P=0.7) 






ABP adducts 



n 



Mean 

Median 

s.e. 

0 

e 



43.2 

22 

18.5 

1 

13 



58.7 

56 

17.7 

2+ 

20 



69.7 

65 

12.1 


OR, odds ratio; 95% Cl, 95% confidence interval; correlation coefficients; AFMU/l-X ratio versus nicotine-cotinIne (P values), by genotype; and 
mean 4-amlnobtphenyt-haemoglobin adducts, by genotype (s.e., standard error) The genotype for the NAT2 gone was determined using POP and 
RFLP on DMA extracted from buffy coat Four mutations have been analysed (Ml, M2, M3, M4) 5 . The genotype was determined at the NCI. Seihesda. 
n Represents number of subjects. 


glofeiit edsSticE* sit 97 voStttseers, togatte wltb 15 m Ar-aceSylction 
rana-Mucible phenotype, titt cefresipontlissg genotype, and eta 
SeveBs of ratcotine—EoSliBne So BPans. We And that antputg tfte slow 
acetyfators, 4-MninobiplK:nyf adjusts. vie re higher ifsatE tit .•ajiid 
acetySEtoTs at low or null BBCOtine-potirJne levels, wtercas Site 
difference Hretweets slow a®J rapid acctyfetws was less evident at 
increasing micotiae-cofimne levels. Tine /V-acetyliraBsSerase geno¬ 
type is liigfejy predictive of the acetylation phenotype. Oar resells 
indicate that the clearance of low-daise carcinogens is decreased 
in the genetically based stow-acetj’iaitor phenotype. Such genetic 
modulation of 6ow-4css cnviror.r.tLmrK!. rislis is relevant to ‘risk 
assessment’ jurocedures. 

A random sample of smokers (50) and one of non-smokers 
(50) were enrolled from a populalion of healthy male blood 
donors (ages 45-64). After obtaining informed consent, we col¬ 
lected detailed questionnaire data, blood (20 ml) and 24-h urine. 
After consumption of coffee (I standarized cup), urine was again 
collected (5 hi. Exfoliated bladder cells were successfully 
obtained from the urine of 73 subjects, and DNA adducts were 
examined. The metabolic phenotype for the A’-acetyllransferase 
(NAT) polymorphism was determined by measurement of caf¬ 
feine metabolites in 5-h urine. A ratio of 5-acetylamino-6-for- 
mylamiito-3-melhyluracil to 1 melhylsanthine of 0.6 was used to 
separate slow from rapid acelylatoris'' 1 '. The W-acctyltransfcrase 
NAT2 genotype was determined using two different polymerase 
chain reaction (PCR) methods on DNA extracted from buffy 
coat’ 8 . Cotinine and nicotine were measured in the urine as 
markers of recent exposure to tobacco smoke. All phases of the 
study, including laboratory analyses, were blind. Methods 5 '' and 
some results have been described elsewhere HMI . 

Table 1 shows the mean and median concentrations of 4- 
aminobipheny! (ABP)-haemoglobin adducts by levels ol urinary 
cotinine/nicotine, and by acetylator phenotype. Among non- 
smokers, 44 had no cotinine or nicotine in the urine, but only 3 
had no delectable AHP-haemoglobin adducts in the blood. This 
observation is consistent with the very low half-life Of cotinine 
and nicotine. 

There is a convex dose response relationship between ABP- 
haernoglobin adduct levels and increasing colinine-nieotine 
levels, u relationship that was previously observed"' and parallels 
a similar relationship for smoking and bladder cancer’. Analysis 
by acetylator status reveals a different distribution. At low cotin- 
ine- nicotinc levels, stow acctylators include a higher proportion 
of subjects with high adduct levels. Increasing cotinine nicotine 
levels result in a decreasing proportion of slow acctylators with 
high adduct levels (Table 1). The odds ratio of slow versus rapid 
acctylators having a concentration of adducts greater than ihe 
median is 17.5 among the subjects with no detectable nicotine 
or cotinine in the urine (95% confidence interval. 2.0 -1531, and 
2.3 (0.8-7.01 among those with njeotine-colinlne greater than 
zero Those who had nicotine-a'itinine levels equal to zero 
included 32 subjects not exposed to environmental tobacco 


smoke in the 24 h preceding urine collection. Among these, there 
were 0/9 rapid aeetyialars with ABP adduct levels higher than 
the median, whereas the slow acetylators included 9 subjects 
above the median and 14 below, respectively (odds ratio, infin¬ 
ity). In a multivariate model including four levels of nicotme- 
cotininc and the acetylator status as independent variables, the 
difference between slow and rapid acetylators was statistically 
significant <r=3,2; P=0.00l8), 

Table 2 shows the results of AVI 712 genotype analysis. DNA 
was successfully extracted from 82 subjects. In 15, DNA ampli¬ 
fication failed because of technical problems. In the remaining 
67, a method based on oligo-speeific amplification was used 7 . Tn 
4! of these, a second technique based on restriction-fragment 
length polymorphism (RFLP) was used/ Because the latter 
method was more sensitive and predictive of the phenotype both 
in this and a previous study*, only data for these 41 samples are 
shown (23 non-smokers and 18 smokers). Four mutations of 
the gene NAT2 have been analysed. Only one subject had three 
mutations, and he had the slow phenotype. The subjects who 
had at least two mutations had a probability of being slow 
acetylators 57 limes higher than those with no mutation. The 
correlation coefficients between colinine-nieotine levels and the 
5-acetyiamino-6-fonnylamino-3-methyluraeii to l-methylxan- 
thine ratio were not statistically significant within each genotype, 
suggesting that there was no induction of the enzyme by smok¬ 
ing. The level of ABP-haemoglobin adducts increased with 
increasing A/4 7'2 mutations. 


TABLE 3 Presence/absence of DNA adducts 2 and 4 in exfoliated Bladder cells, 
by acetylator phenotype lr. 39 subjects 



Acsiylator phenotype 

Presence or absence 

Rapid 

Slow 

Adduct 2 

NO 

12 

17 

Yes 

3 

7 

OR (95% Cl) 


1.6 (0.3-7.8) 

Adduct 4 

NO 

8 

9 

Yes 

7 

16 

OR (95% Cl) 


2.3 (0.6-8.61 


Adduct 4 is qualitatively similar to N'(Ceoxygu0nQSin-3-yl)*4-amlnot}iptiQfiyl. 24- 
h urine was centrifuged to collect exfoliated urothelial calls on filters and DNA 
was isolated from cells. ^P-postiabelling was done under conditions of ATP 
excess. After autoradiography, individual adducts were visualized, excised and 
counted. Carcmugen-ONA adduct levels were calculated from the relative adduct 
labelling: 


c .p.n v adduct s __ 
c.p.m, unaddutted nucleotides 


* 10* 


Duplicates (at least) of each sample were analysed separately. DNA adducts were 
determined at tne University of Cincinnati. 
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Table 3 presents information ion DNA adducts in exfoliated 
bladder cells. Sufficient DNA to detect one carcinogen-DNA 
adduct per 10* normal nucleotides was obtained for 39 subjects 
(21 non-smokers, 18 smokers). Overall, 12 adducts were found, 
Two of these (adducts 2 and -i) were moderately associated with 
smoking habits. Adduct 4 had a correlation coefficient with 
A HP-haemoglobin adducts of 0.6 [T-(>.01). This adduct was 
qualitatively similar to the adduct formed by A r -(dcoxyguanosin- 
8-yi)*4-amim>btphenyl in the bladders of dogs treated with ABP, 
and also found in biopsies of human subjects with bladder 
cancer" An association between the presence of adduct 2 or 
4 in the exfoliated bladder cells and the slow acelylator pheno¬ 
type js evident, allhough not statistically significant. 


Received 9 No*&tnt>e» 1993: accented 24 March 199-1. 

1. ShieUtt. P. G. & Harris, G G J.Am. m«f. A its. S06,681-69? jl95l'l. 

2,. Cacwieso, N.. Lardi. M. T. & Vineis, P. Pha^marogetwftas i, *1-191.1991). 

3- Woodward. A. & McM;Chael. A. J. Eur. J. Cancel 27, 1472-147© (3 991). 

4. 1ARC Mof>ftgrap/ti- on The Evaluation of CtWinogenic Risks jo Humans Voi. 46 HARC. Lyon. 
1939). 

5- 8a r T$Ch, K et a/. J. natn, CfcncfirMst. £8, 1826-1831 (1990). 
e. Buiter, M. A. el a). Pffa.77tacogefleff£:s S,, 13,6-127 (1992) 

7. Blum, M , Oemterre. A.. Gram. D. M.. Heiim. M. St Mayer. U, A. flroc. natn. Acad. Set U.S.A. 
DO, 5237-5241 {1991). 

8. BeH, D. M ctat. Carcinogenesis 14,1689-'!692 (1993). 


It is likely that under exceptional exposure conditions (very 
high levels of exposure) the individual susceptibility is irrelevant. 
In fact, in a plant where workers were engaged in 2-naphthyl- 
iimine manufacturing, 15/16 (100%) developed bladder cancer" 1 . 
However, iow-dose exposure to carcinogens is widespread and 
its effects are likely to be modulated by genetic susceptibility. 
For example, environmental tobacco smoke and possibly vehicle 
exhaust are sources of ABP in non-smokers. Diesel exhaust con- 
tains 4-niirobiphenyl + , which is converted to ABP in the body 15 . 
If the population shows genetic heterogeneity in the 
susceptibility to chemicals, societal and regulatory decisions 
must be made that focus the risk assessment process on the most 
susceptible. D 
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The aiitogett-activaSMl protein (MAP) kinases Erts-l and ErSc-i 
uro peoMne-diirected kinases ihaill aide afietosilves activated throtsgh 
concomitant phosphorylation of tyrosine wnd tjweosiiite resMues 1 "*. 
The kinase j>54 (M w 54,fififfl), which was first isolated from 
cyeloheKiimde-treaeed rats, is prnliiie-directed Kite Ertts-S/2, attd 
rerjaiires hi!six Tyr ami Ser/Tiir phespfeorj.Taki«ra J,s ‘ 6 for activity. 
p54 is, however,, distinct from ErSts-l 12 in Us substrate spedlteily, 
iseir.g caaiie to phosphorjlats pp'i'l!" 4 but mare active in phsspkir- 
ylafang shee-Jsin txrausactivatiimdomBm 3 ' 7,3 . Molecular cloning of 
p5-r reveals ta unique stiWamiiy ofcxtracelluktly reguteteti Etinasss. 
/•lithough they are 4f>—identical in sequence tu Erlss-i(2, 
unlike Erks-l/2 tl» jiSis are only poorly activated in most ceils 
fcy mitogens or phorbol esters. However, pS4s are the principal 
c-Juii N-terraia»at kinases activated by celiular stress ere tumour 
necrosis factor (TNEy-n, hence tliey are designated stress-activated 
prateiH kinases, or SAPKs. SAPMs are also activated by sphiEigo- 
myeiitsase, which elicits a subset of cellular responses to TNlK-« 
<ref. !f). SAPKs tfcercfore define a new TW-« and stress-activated 
signalling pathway, possibly linitisted by sniiingomyelin-basefi 
secoml messengers, whiek regolEter. Hie activity of c-Ton. 
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WassactHlsetls 02129, USX IP-BV ucetwpry oldidchemistry. Ui Iivetsily oi TOssssioniPsTlies 
sa;eni!n, Greece if ri.)l Decarrnrent of Medicine. Miog XaisB 1 Hospixal and ReseHTCIi Centar. 
riyadr, Saudi Arable IM.F.A.J. 
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Amino-iicid sequences derived from tryplic peptides of puri¬ 
fied p54 align with the consensus Ser/Thr kinase catalytic 
domain"'. Based on these sequences, a 467-base-pair (bp) ra( 
brain complementary DNA probe was generated by polymerase 
chain reaction (PCR) and used lo screen a rat brain cDNA 
library, yielding four classes ofp54cDNAs (Fig. la): at encoded 
a protein containing all the tryptic peptides derived from rat 
liver pS4; ft and a partial y -sequence encoded polypeptides i 

closely related to «l (88 90% identity, respectively; Fig, lu); 
all, which probably arises from alternative splicing of the ed 
transcript, is identical to trl except for a 71-bp region encoding 
a substitution of 15 amino acids in subdomains IX and X (Fig. j 

la and ref. 10). The relative molecular masses of the predicted 
proteins encoded by the full-length clones are: al, 48,076; all, 

47.986; and P. 48.095, Northern blots of messenger RNA from 
several tissues revealed ubiquitous but low expression of all three 
genes (data not shown). 

Alignment of the p54 catalytic domains with those of mam¬ 
malian and yeast MAP kinases (KSSI. NOG-1, FUS3, SLT-2. 
spk-l and erk-l\ refs 11 • 14) shows that the degree of homology 
shared by the p54s with mammalian erk-l (43-44%) and with 
the kinases from lower eukaryotes (41 -44%) is almost the same 
However, the sequence of erk-l is closer to these yeast kinases 
(49-56% identity) than it is to the p54s. Thus the yeast MAP 
kinases are unlikely lo be functional hoinologues of the p54s. 

p54 isoforms contain the amino-acid sequence TPV at posi¬ 
tion 183 185, in a domain analogous to the TFY sequence of 
Erks-1/2 (ref. 15). F.rks-l/2 arc activated through dual phos¬ 
phorylation by MAP1C or F.rk kinases (MEKs) 1 " tH . But as 
neither dephosphorylated liver p54 nor baeterially expressed p54 
is (rc Activated in vitro by Erk-1/2-specific MEKs under condi¬ 
tions favouring complete activation of Erks-l/2, the p54s arc 
probably regulated by (a) distinct upstream activator(s). 

A polyclonal antiserum raised against the p54 /3-isoform 
immunoprecipitates in cirro-translaled p54a and /l. but not 
Erk-l (Fig. 16). it also precipitates a eycloheximkic-activated 
GST e-Jun kinase from NIH3T3 cells (Table l). We used this 
p54-specilic immune complex assay of GST c-Jun phosphoryla¬ 
tion to investigate tire regulation of p54 kinase activity in a 
variety ot ceil lines (1 able lu). For comparison, Erks-l /l activ¬ 
ity in the same extracts was assayed, after Mono-Q chromato¬ 
graphy, using myelin basic protein (MBP) as a substrate, 
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